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Tetraacetyl Phytosphingosine-Induced Caspase Activation
and Apoptosis Occur Through G2 Arrest in Human
Keratinocyte HaCaT Cells
To the Editor:
Sphingolipids are a family of compounds, including free sphin-
goid bases (sphingosine and sphinganine), ceramides, sphingo-
myelins, cerebrosides, sulfatides, and gangliosides (Merrill et al,
1997). Sphingolipid metabolites such as ceramide and sphingoid
bases have been identi¢ed as a signaling intermediate in the in-
duction of cellular response to a variety of agents, such as tumor
necrosis factor-a, interleukin-1b, ultraviolet irradiation, and anti-
cancer drugs (Obeid et al, 1993; Maziere et al, 2001; Itakura et al,
2002). Phytosphingosine is abundant in fungi and plants (Dick-
son, 1998) and is present in animals, including humans (Schurer
et al, 1991). Phytosphingosine is structurally similar to sphingosine
and ceramide with one major di¡erence: phytosphingosine pos-
sesses a hydroxyl group at C-4 of the sphingoid long-chain base,
whereas sphingosine and ceramide both contain a trans double
bond between C-4 and C-5 (Lee et al, 2001). It has been reported
that both phytosphingosine and N-acetyl phytosphingosine were
involved in the heat stress response of Saccharomyces cerevisiae ( Jen-
kins et al, 1997;Wells et al, 1998), and induced cell death in Chinese
hamster ovary cells (Lee et al, 2001); however, it is little known for
the cellular functions of the phytosphingosine derivatives such as
cell cycle and apoptosis in human keratinocyte cells. Ceramide
induces hypophosphorylation of Rb leading to G1 phase arrest
of the cell cycle. Exposure of human diploid ¢broblasts and vas-
cular endothelial cells to ceramide results in G1 phase arrest of the
cell cycle subsequent to cyclin A downregulation (Lee et al, 2000;
Spyridopoulos et al, 2001). Human keratinocytes also induced the
cell cycle arrest and apoptosis by extracellular agents. For exam-
ple, ultraviolet B exposure induces G1 or G2/M phase arrest of the
cell cycle by downregulation of the cyclin D^CDK4 complex or
inactivating cyclin B^Cdc2 complex in immortalized skin kerati-
nocytes (Athar et al, 2000; Kim et al, 2002). Apoptosis in HaCaT
keratinocytes is induced by ceramide, tumor necrosis factor a, and
1a,25-dihydroxyvitamin D3 (Muller-Wieprecht et al, 2000). A
ceramide-induced apoptosis signal could play an important part
in the pathomechanisms of proliferative epidermal disorders
(Geilen et al, 1997; Nardo et al, 2000). As previously reported,
it is well known that ceramides induce apoptosis in keratino-
cytes, but studies on the relationship with cell cycle progression
are poorly elucidated. Therefore, we investigated the e¡ect of a
novel phytosphingosine derivative, tetraacetyl phytosphingosine
(TAPS), on activation of caspase and cell cycle arrest in HaCaT
cells. TAPS exhibited a time-dependent inhibition of cellular
proliferation.
In previous study, the e¡ects of TAPS on the viability of
HaCaT cells were examined using the MTTassay. In the presence
of 1^30 mM of TAPS the cell viability was reduced as the concen-
tration increased. TAPS exerted strong cytotoxicity (viability
20% at 30 mM) (Kim et al, 2003). ATUNEL (terminal deoxynu-
cleotidyl transferase-mediated deoxyuridine triphosphate nick
end-labeling) assay was performed in order to determine if
the cytotoxicity of the phytosphingosine derivative, TAPS, was
related to apoptosis in a time-dependent manner (Fig 1A). The
results show that TUNEL-positive cells were observed in the cells
treated withTAPS at 4 h, and were maximally detected 24 h after
treatment. The induction of apoptosis in the presence of TAPS
was further validated by western blot analysis, which measured
the time-dependent production of the cleaved caspase-3
(CPP20), an apoptosis indicator (Fig 1B). The HaCaT cells were
exposed to 30 mM of TAPS and harvested at the indicated time
points. Increase in the CPP20 level triggered byTAPS was max-
imum at 3 h (E 6.5-fold), and lasted until 24 h. The e¡ect of
C2-ceramide on the activation of caspase-3 was weaker by 2- to
3-fold than that of TAPS. To demarcate the mechanism of apop-
tosis triggered byTAPS among the two apoptotic pathways that
involve caspases (i.e., the extrinsic or death receptor pathway and
the intrinsic or mitochondrial pathway) (Salvesen and Dixit,
1997;Wallach et al, 1997; Green, 1998), we measured the levels of
caspase-8 and caspase-9 at di¡erent time points following 30 mM
of TAPS treatment in HaCaT cells. Figure 1(C) shows that the
cleaved caspase-8 (p43/p41) started to appear at 3 h, reached the
maximum level at 6 h, and decreased thereafter. Both the full
length and the cleaved forms of caspase-9 byTAPS were detected
at a very low level in HaCaT, indicating that caspase-9 has a
minor involvement in the apoptosis byTAPS treatment (Fig 1D).
In order to determine the cell cycle pro¢le of theTAPS-treated
cells before undergoing apoptosis, cells were harvested for £ow
cytometric analysis at various time points.We observed that Ha-
CaT cells in the sub-G1 phase were gradually increased after 30
mM of TAPS treatment, leading cells to undergo apoptosis
(Fig 2A). These changes were accompanied by a concomitant re-
duction of cells in the G2/M phase.This G2/M phase in theTAPS-
treated HaCaT cells was sustained by 18 h post-treatment and
dramatically collapsed thereafter (data not shown). These results
demonstrated potency of TAPS in inhibiting proliferation of
human keratinocyte HaCaT cells. In order to distinguish the cell
cycle exit within the G2/M phase entering apoptosis in theTAPS-
treated HaCaT cells, we conducted £ow cytometric assay with
anti-phosphorylated histone H3 to discern mitotic cells from G2
cells. As expected,TAPS caused an increase of the G2/M popula-
tion by 18 h post-treatment, although the percentage of G2/M
phase in the TAPS-treated cells was relatively lower than that in
the control cells (Fig 2B). In contrast with the enhancement of
G2/M distribution prior to the induction of apoptosis, the mitosis
phase alone in the TAPS-treated cells was gradually decreased
through cell cycle progression when compared with that of the
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Figure1. TAPS-induced apoptosis in a time-de-
pendent manner. (A) HaCaT cells were incubated
with TAPS at 30 mM for the indicated times, and the
TAPS-treated cells were then harvested. The induction
of apoptosis byTAPS was determined by aTUNEL as-
say. The results were con¢rmed by two times repeated
experiment. (B) Immunodetection of cleaved caspase-3
(active form), caspase-8 (C), and caspase-9 (D) was per-
formed in theTAPS-treated cells.Thirty micrograms of
the total protein for cleaved caspase-3 or caspase-8, and
80 mg of the total protein for caspase-9 were electro-
phoresed on 12% polyacrylamide gels and immunoblot
analysis was performed using anti-cleaved caspase-3
(CPP20) polyclonal antibodies, anti-caspase-8 monoclo-
nal or anti-caspase-9 polyclonal antibodies. The results
were con¢rmed by three independent experiments.
Figure 2. The arrest of HaCaT cells in G2
phases afterTAPS treatment. (A) Cell cycle pro-
¢le of HaCaT cells treated with 30 mM of TAPS.
After TAPS treatment cells were harvested and sub-
jected to £ow cytometric analysis to determine cell
cycle distribution. Data are representative of three
independent experiments. (B) Positive cells for
phospho-histone H3 were sorted and analyzed by
£ow cytometry. The population of total cells in
G2/M phase was analyzed by PI staining. (C) Mito-
tic cell ratio (treated/untreated) was calculated in
HaCaT cells in response to 30 mM TAPS.Values are
the mean7SEM of three independent experiments.
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control cells (Fig 2C) indicating that after traversing the delayed
S phase the TAPS-treated cells were arrested transiently in the G2
phase before underlying apoptosis. Taken together, these results
suggest that an exogenous TAPS-induced apoptosis in human
keratinocyte cells could provide important insight for the cure
of hyperproliferative skin diseases such as psoriasis.
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